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Hearing Preservation after

Acoustic Neuroma Surgery

With the advent of microsurgery, techniques for a

removal of acoustic neuroma (AN) have improved over

the years. We are at a point where tumor extirpation is not
the only goal, as preservation of normal cochlear function
can be obtained and expected as well, especially in the
case of small tumors. The advent of MRI has enabled the
surgeon to detect small tumors in asymptomatic patients;
thus, preservation of hearing becomes more critical, with
as many as 20% of patients with AN presenting as candi-
dates for hearing preservation.' This article presents the
hearing results in our series of patients with AN, operated
on for hearing preservation surgery by the middle fossa
(MF) or the suboccipital (SO) approach, as well as the
factors influencing the final outcome.

MATERIALS AND METHODS

One hundred-eighty patients were operated on for
removal ofAN between 1988 to 1998 at the Department

of Otolaryngology, University of Minnesota. A retro-
spective chart review was performed for patients who
underwent AN with attempts at hearing preservation. In
our series, the MF approach was used for laterally based
intracanalicular tumors, whereas the SO approach was

used for medially based tumors that extended into the
cerebellopontine angle. All patients with serviceable
hearing as determined preoperatively by Shelton's clas-
sification, pure-tone average (PTA) <50, and speech
discrimination score (SDS) >50, were considered as

candidates for hearing preservation surgery. Our series
also includes some patients with measurable hearing
during the preoperative period, when the surgeons at-
tempted to preserve hearing, depending on how critical
it was to the patient (i.e., for the patient's career or other
personal reasons). In some cases, the opposite ear had a

hearing loss. We evaluated the pre- and postoperative
hearing results by recording the PTA, SDS, and acoustic
reflex threshold (ART). Preoperative hearing levels were
documented from the audiogram closest to the date of
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surgery, whereas postoperative levels were documented
from the last audiogram during follow-up visits. The
PTA was calculated by taking the mean of the air con-

duction thresholds at 1000, 2000, and 4000 Hz, a more

stringent calculation of PTA. The hearing results were

classified by Shelton's (see Table 2) and Gardner's (see
Table 3) classifications. Patients with good or service-
able hearing postoperatively were considered to have
had a successful attempt at surgery for hearing preserva-

tion. We noted those patients who underwent intraoper-
ative auditory monitoring. The facial nerve outcome in
the patients was also recorded. Tumor size was graded
according to the classification proposed by Tos and
Thomsen2: intracanalicular, small (1 to 10 mm ex-

trameatal size), medium (11 to 25 mm), large (26 to 40
mm), and very large (>40 mm).

Ninety-one (50.5%) of 180 patients operated for
AN underwent hearing preservation surgery by the MF
or the SO approach. Thirty-five of these 91 (38.5%) pa-

tients underwent AN resection by the MF approach
(pre- and postoperative hearing levels available for 33),
and 56 (61.5%) patients were operated by the SO ap-

proach (pre- and postoperative hearing levels available
for 45 patients). Statistical comparison between groups

was done using the analysis of variance (ANOVA) or

Student's t-test for continuous measures and the non-

parametric Wilcoxon two-sample exact test for ordered
categorical hearing levels.

RESULTS

The mean (-+SD) preoperative hearing levels of
patients in the MF group were as follows: PTA, 35 ± 19
dB; SDS, 90 ± 16%; and ART, 90 ± 7 dB. For the SO
approach, they were PTA, 38 ± 23 dB; SDS, 82 ± 27%;
and ART, 96 ± 8 dB. The differences in PTA and SDS
between the two approaches were not significant (p >

0.05), whereas the differences between the ART were

statistically significant (p = 0.04). The mean differences
between the postoperative and preoperative PTA for the
MF and SO approaches are depicted in Table 1. These
values were significantly higher for the SO group com-

pared with the MF group, indicating that hearing preser-
vation was better in the latter group. The overall inci-
dence of hearing preservation was 18 of 78 (23.1%)
patients. Postoperatively, in 14 of 33 (42.4%) patients

Table 1. Mean Difference Between Postoperative and
Preoperative Hearing Levels

Hearing Results

Parameter Middle Fossa Suboccipital p

PTA (dB) 11 ± 20 27 24 0.02
SDS (%) -3 ± 12 -39 45 0.02
ART (dB) 8 ± 6 -13 4 0.02

PTA = pure-tone average; ART = acoustic reflex threshold; SDS = speech
142 discrimination score.

Table 2. Hearing Results (Shelton's Classification)
by Surgical Approach

Shelton's
Classification
(Postoperative
Hearing Levels)
Good
PTA <30,
SDS >70

Serviceable
PTA <50,
SDS >50

Measurable
Any, Any

No hearing, no
response

Middle Fossa
Approach
(n = 33)
8 (24.2%)

6 (1 8.2%)

11 (33.3%)

8 (24.2%)

Suboccipital
Approach
(n = 45)

0

4 (8.9%)

14 (31.1%)

27 (60%)

PTA = pure-tone average; SDS = speech discrimination score.

operated by the MF approach, hearing was preserved
(8 with good hearing, 6 with serviceable hearing), 11
(33.3%) patients had measurable hearing, and 8 (24.2%)
had no hearing. If we considered patients with postoper-
ative measurable hearing levels to be "hearing pre-
served," our success rate would rise to 75.8%. In the SO
group, 4 of 45 (8.9%) had preserved hearing (all in the
serviceable group); 14 (31.1%) had measurable hearing,
whereas 27 (60%) had no hearing. If we considered pa-
tients with postoperative measurable hearing levels to
be "hearing preserved," our success rate would rise to
40%. Details according to the Shelton's and Gardner's
classifications are listed in Tables 2 and 3.

Preoperative versus postoperative hearing levels
for the MF and SO approach are shown in Tables 4 to 7
according to the two classifications. In these tables, the
preoperative hearing results are depicted vertically on
the left side. For example, in the first row and first col-
umn, "7" represents patients with good preoperative
hearing levels who also had good hearing levels postop-
eratively. Similarly, in the first row and second column,
"2" represents the number of patients with good preop-
erative hearing levels, but had serviceable hearing post-
operatively. The mean tumor size of patients who had
hearing preservation postoperatively is presented in
Table 8. The differences in the mean tumor size among
the three groups of Shelton's classification for the SO

Table 3. Hearing Results (Gardner's Classification)
by Surgical Approach

Gardner's Classification
(Postoperative Hearing Middle Fossa Suboccipital

Levels) Approach Approach
Grade PTA (dB) SDS(%) (n = 33) (n = 45)
1 0-30 70-100 8 (24.2%) 0
2 31-50 50-69 7 (21.2%) 5 (11.1%)
3 51-90 5-49 7 (21.2%) 10 (22.2%)
4 >90 1-4 3 (9.1%) 3 (6.7%)
No hearing 8 (24.2%) 27 (60%)
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Table 4. Middle Fossa Approach: Pre- Versus Postoperative Hearing Results by Shelton's Classification

Postoperative Hearing Levels
Shelton's Classification Good Serviceable Measurable No Hearing Total
Gooda 7 (63.6%) 2 (18.2%) 1 (9.1%) 1 (9.1%) 11
Serviceablea 0 4 (30.8%) 5 (38.5%) 4 (30.8%) 13
Measurablea 1 (12.5%) 0 5 (62.5%) 2 (25%) 8

Total 8 (25%) 6 (18.8%) 11 (34.4%) 7b (21.9%) 32b
aPreoperative hearing levels.
bPreoperative hearing levels of one patient not available.

approach were significantly different (p = 0.01).
Hearing results according to tumor size groups are
listed in Tables 9 and 10. Better hearing levels were ob-
served in smaller tumors. We compared hearing results
achieved with the two approaches within each tumor
size group. Patients operated on by the MF approach
still had better hearing levels than were found among
those operated on by the SO approach. However, owing
to the small sample size, we could only demonstrate a
trend, but no statistical significance.

The rate of improvement (difference between last
postoperative and first postoperative hearing levels, di-
vided by follow-up time in months) in hearing levels
over time postoperatively is listed in Table 11. The rate
of improvement (especially the PTA) was better in the
MF group. Hearing results with regard to intraoperative
auditory monitoring are listed in Table 12. Comparison
of the hearing results between the monitored and un-
monitored groups indicated no statistically significant
difference for the MF patients, which could be attrib-
uted to the very small sample size. However, in the SO
group, the monitored patients had better hearing results
than were found for the unmonitored group (p = 0.003).
Overall, when we combined the two approaches, the
monitored patients had better hearing outcomes than did
the unmonitored patients (p = 0.002).

Immediate postoperative facial paresis/palsy oc-
curred in 38.9% of our patients, MF, SO, and trans-
labyrinthine (TL) patients combined, with the highest in-
cidence in the SO approach and equal incidence in the
MF and TL patients. Details of the facial nerve outcome
in our series will be published in another article. Long-
term follow-up evaluation showed that the facial nerve

outcome was better with the MF group compared to the
SO and the TL group. Cerebrospinal fluid (CSF) leaks
occurred in 20.1% of patients, with the highest (25.7%)
in the MF group and the lowest (17.6%) in the TL group.

DISCUSSION

The first cases of hearing preservation after sur-
gical removal of AN were reported by Elliot and
McKissock3 in 1954. During the 1960s, House4 devel-
oped the MF approach to the internal auditory canal
(IAC) and was able to preserve hearing in a few intra-
canalicular tumors. It was not until the mid- to late
1970s that the literature reflected a new interest in
hearing preservation predominantly by neurosurgeons
employing the SO route.56 Whether preservation of
hearing is a reasonable objective has remained contro-
versial. Past studies have shown that many patients find
unilateral deafness a disability.7 In the North American
survey of AN patients, 19% of patients reported the
most difficult aspect of their recovery was the loss of
hearing.8 These data suggest that hearing loss in a typi-
cal middle-aged schwannoma patient can lead to signif-
icant physical and psychosocial dysfunction.8 Hearing
preservation in AN surgery is a very complex issue with
many facets. Even after excluding patients with medium
or large tumors, most surgical series report that only
one-third of these preselected patients have preserved
hearing after surgery.9

The literature is flooded with different classifica-
tions proposed by different surgeons. One is struck by
the disarray of data, which has encumbered comparison

Table 5. Suboccipital Approach: Pre-Versus Postoperative Hearing Results by Shelton's Classificationa
Postoperative Hearing Levels

Shelton's Classification Good Serviceable Measurable No Hearing Total
Gooda 0 1 (7.14%) 4 (28.6%) 9 (64.3%) 14
Serviceablea 0 2 (14.3%) 5 (35.7%) 7 (50%) 14
Measurablea 0 1 (8.3% 5 (41.7%) 6 (50%) 12

Total 0 4 (10%) 14 (35%) 22 (55%) 40b
aFor preoperative hearing levels.
bPreoperative hearing levels of five patient not available. 143
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Table 6. Middle Fossa Approach: Pre- Versus Postoperative Hearing Results by Gardner's Classification
Postoperative Hearing Levels

Gardner's Classification 1 2 3 4 5 Total

la 7 (63.6%) 2 (18.2%) 1 (9.1%) 0 1 (9.1%) 1 1
2a 1 (6.7%) 5 (33-3%) 3 (20%) 1 (6.7%) 5 (33.3%) 15
3a 0 0 3 (50%) 2_(33%) 1_(16.7%) 6

Total 8 (25%) 7 (21.9%) 7 (21.9%) 3 (9.4%) 7 (21.9%) 32

aFor preoperative hearing results, read across. For postoperative hearing results, read down.

of hearing results between different series. Most series
are small without adequate pre and postoperative audio-
metric studies to substantiate claims of hearing preser-

vation. There is no agreement as to what constitutes ser-

viceable or useful hearing. We share the wish expressed
by several investigators that the presentation of results
should be clarified and standardized.59 A consensus

needs to be reached about the selection criteria for pa-

tients to undergo hearing preservation, grading, and
classification of postoperative hearing results, as well as

what defines preserved hearing. Glasscock et al.'0 have
discussed in the principles of binaural hearing in an ef-
fort to establish a definition of serviceable hearing.
They note that the operated side in patients with unilat-
eral tumor and a normal contralateral ear must maintain
hearing at a level that can be substantially improved
with a conventional hearing aid. They define an aidable
ear as one that has a PTA of at least 70 dB and a SDS of
70% with normal dynamic range.'0 The American
Academy of Otolaryngology has endorsed the Shelton's
classification, and this is a helpful step. Also, we think
that the hearing result should not only consider the post-
operative hearing levels in the operated ear but should
also take into account the hearing levels of the con-

tralateral or unoperated ear. Patients who have measur-

able hearing in the operated ear postoperatively, which
can be improved with a hearing aid and with contralat-
eral good hearing, may constitute cases of "preserved
hearing." This will not only provide a true judgment
about the patient's hearing status but will also assist sur-

geons in communicating realistic expectations to their
patients regarding success in undergoing surgery for

hearing preservation. The bottom line is that preserved
hearing that can be aided is beneficial to the patient. In
the process of decision making, one must take into con-

sideration the patient's feelings and perception of
whether the hearing in the affected ear is useful to them.
If a patient feels strongly that he or she would like to at-
tempt hearing preservation, those wishes should be hon-
ored. We have found that patients with better preopera-

tive hearing levels had better postoperative hearing
results. This observation has been reported by other
studies as well.'7,20 Therefore, preoperative hearing lev-
els appear to be an important factor influencing the out-
come of hearing preservation.

Since 1985, overall results have improved steadily
and hearing preservation in unilateral AN has increas-
ingly been documented.9"'1,12 Overall hearing preserva-

tion rates reported in literature vary from 33% to
38%.9,10,13 Our rates are on the lower side because we

did not adhere to the commonly followed rule of 50/50
for preoperative PTA/SDS scores for selecting patients
for hearing preservation. This rule is followed by most
surgeons at various centers. We attempted to preserve

hearing in patients with larger tumors, that is, cases that
would otherwise have been rejected if the selection cri-
teria had focused only on small tumors. The flexible cri-
teria used for patient selection could attribute to the
higher percentage of patients in our series undergoing
hearing preservation surgery compared with other se-

ries, as well as the lower overall incidence of hearing
preservation in our series. Had we adhered to rigid
criteria, our rates for hearing conservation might have
been higher.

Table 7. Suboccipital Approach: Pre- versus Postoperative Hearing Results by Gardner's Classification
Postoperative Hearing Levelsa

Gardner's Classification 1 2 3 4 5 Total
1 0 1 (6.7%) 3 (20%) 1 (6.7%) 5 (66.7%) 1 5
2 0 3 (20%) 5 (33.3%) 1 (6.7%) 6 (40%) 1 5
3 0 1 (12.5%) 2 (25%) 1 (12.5%) 4(50%) 8

0 0 0 0 2 (100%) 2
Total 0 5 (25%) 10 (12.5%) 3 (7.5%) 22 (55%) 40

144 aPreoperative hearing levels.
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Table 8. Hearing Results by Mean Tumor Size
Mean Tumor Size (±+SD) (mm)

Shelton's
.- i-- , ... ..

Middle Fossa Suboccipital
Classitication n (p >U.U5) n (p =U.UI)
Good 8 8 ± 2.5 0 0
Serviceable 5 9 ± 2.12 4 9.5 ± 7.14
Measurable 7 8.83 ± 4.49 11 15.5 ± 8.5
No hearing 6 9.3 ± 4.17 26 22.61 ± 10.4

Hearing preservation using the MF approach has
been reported to vary from 16% to 59%, which is usually
higher than by the SO approach.'4-'9 The SO approach is
more commonly employed than the MF procedure for
hearing preservation, especially by the neurosurgeons.
Transient facial paralysis has been more commonly as-
sociated with the MF than with the SO approach.'0 In our
experience, transient facial nerve paralysis was almost
the same for both the MF and the TL approaches. Our se-
ries demonstrated that the MF approach was associated
with a higher rate of CSF leak. This could be attributed
to the use of transtympanic electrocochleography for au-
ditory nerve monitoring, which caused an iatrogenic per-
foration in the tympanic membrane. In our series, the
MF group had a higher success rate of preservation com-
pared with the SO approach; this could be attributed to
the selection criteria for the SO surgical approach, which
included some patients with larger tumors who had mea-
surable, rather than serviceable, hearing preoperatively.
This was done either because the tumor was in the only
functioning ear or because it was critical to the patients
occupation. The neurotologist and the neurosurgeon
used their judgment in these cases after considering
other associated factors (e.g., access to the tumor, diffi-
culty in dissection of tumor, risk of facial palsy postoper-
atively) and to decide whether a particular patient war-
ranted a surgical attempt at hearing preservation. It also
allows for the possibility of improving the measurable
hearing to a serviceable hearing in the future, using hear-
ing aids or cochlear implants.

It has been reported that the potential for hearing
preservation is inversely related to the size of the tu-
mor.'7,20 Some investigators have reported that their
preservation success has diminished with a tumor size of

Table 9. Middle Fossa-Hearing Results by
Tumor Size Group

CNh01fitIn/c Tumor Size Groups
Classification Intracanicular 1-10 mm 11-25 mm

Good 0 7 (37%) 1 (17%)
Serviceable 1 (14%) 4(21%) 1 (17%)
Measurable 4 (57%) 4 (21%) 2 (33%)
No hearing 2 (29%) 4 (21%) 2 (33%)

Total 7 19 6

>1.5 cm'6'8 or >2.5 cm.'92' This finding agrees with our
observation that more patients in the MF group with an
intracanalicular tumor or with a tumor of 1 to 25 mm
have better results compared with those with larger tumor
size. Hearing preservation in the SO group was lower in
similar tumor size groups. Although hearing preservation
was not achieved in a high percentage of patients with
larger tumors, a reasonable number of patients had mea-
surable hearing (33.3% with tumor size 11 to 25 mm in
the MF and SO group; 12.5% with 26- to 40-mm tumor
size in the SO group). According to some investigators,
attempts to preserve hearing should only be done in pa-
tients with AN <20 mm.'920 Studies have demonstrated
that the chance for successful hearing preservation is bet-
ter with smaller tumors but, even with larger tumors (I to
2 cm), the success rate is reasonable.'7 Successful hearing
preservation in patients with 30-mm AN has been
achieved at some centers.22 In patients who have a strong
desire to attempt hearing preservation, we agree with
Jannetta et al.5 and with Samii et al.23 that surgeons
should try to save hearing in any patient who has some
degree of measurable hearing before surgery despite tu-
mor size. However, these patients are made aware of the
diminished chances of hearing preservation in tumors
>1.5 cm. Thus, tumor size should not exclude the patient
from an approach designed to preserve hearing.

Early diagnosis appears to be the key to a favorable
outcome. In order to identify small tumors, even pa-
tients with minimal symptoms should be thoroughly
evaluated, keeping the diagnosis of acoustic neuroma in
mind. This requires a judicious, yet aggressive, use of
audiometry (PTA, SDS, ART) and MRI.

There is no substitute for knowledge during surgery,
but aids such as auditory monitoring can be beneficial.

Table 10. Suboccipital-Hearing Results by Tumor Size Group

Shelton's
Classification Intracanicular 1-10 mm 11-25 mm 26-40 mm >40 mm

Good 0 0 0 0 0
Serviceable 0 3 (30%) 1 (5%) 0 0
Measurable 2 3 (30%) 7 (33%) 1 (12%) 0
No hearing 1 4 (40%) 13 (62%) 7 (88%) 2 (100%)

Total 3 1 0 21 8 2 145

'rHei[(rl -s
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Table 11. Rate of Improvement in Hearing Levels over
Time during the Postoperative Period

Middle Fossa Suboccipital
Hearing Results (Mean ± SD) (Mean ± SD)

PTA -0.9 + 2.55 dB -0.3 + 1.15 dB
(n=21) (n=10)

SDS 0.03 1.3% 1.2 2.5%
(n= 19) (n = 6)

PTA = pure-tone average; SDS = speech discrimination score.

Competent and quick interpretation by the audiologist
and appropriate communication between the audiologist
and the surgeon are key first steps. Several techniques for
intraoperative auditory monitoring have been described:
brain stem auditory-evoked potentials (BAEP), electro-
cochleography (EcoG), or direct eighth nerve stimulation
(VII-CAP). Each system has its drawbacks, principally
the time delay inherent in averaging evoked responses
and the technical difficulties of electrode positioning as
well as stability in direct eighth nerve monitoring. The
value of direct nerve monitoring for larger tumors, or for
cases in which the cochlear nerve is not always easily
identifiable, remains to be established. There is no overall
agreement yet about the value of such methods in ensur-
ing hearing preservation. t8-25-30t

Transtympanic EcoG has been used for most of our
patients for intraoperative auditory monitoring. The ad-
vantages are that (1) recording electrode is not in the
immediate surgical field obstructing the view or ham-
pering the mobility of instruments; and (2) recording
can be obtained before commencing the surgical com-
mencing the surgical procedure, to establish a baseline
recording. The disadvantages are (1) iatrogenic tym-
panic membrane perforation with an increased risk of
postoperative CSF leak, and (2) the common problem of
displacement of recording electrode.

It is difficult to comment on the value of intraoper-
ative auditory monitoring. In our series, monitoring was
performed in patients who had preoperative good or
serviceable hearing levels, along with a recordable

Table 12. Hearing Results by lntraoperative Auditory
Monitoring for Surgical Approaches

Auditory Monitoring
Shelton's MF SO
Classification - + - +

Good 0 8 0 0
Serviceable 1 5 0 4
Measurable 2 9 1 13
No hearing 1 7 12 13

Total 4 (12.2%) 29 (87.9%) 13 (30.2%) 30 (69.7%)

MF = middle fossa; SO = suboccipital.

ABR. This could be the reason for better overall out-
come in patients who were monitored. Patients with
recordable hearing levels preoperatively, but with no
ABR response, were not monitored intraoperatively.
This could be the cause of poor outcome in the unmoni-
tored patients. Also, in these patients, the cochlear nerve
was preserved and hearing loss probably occurred as a
result of ischemia affecting the cochlea or cochlear
nerves. This possibility is supported by Rowed and
Nedzelski,24 who found that the continuous intraopera-
tive monitoring of cochlear nerve action potentials
(CNAP), with or without BAEPs did not prevent loss of
serviceable hearing in one-half of patients with intra-
canalicular tumors. This does not mean that we do not
recommend intraoperative cochlear monitoring. We
would like to stress that it is not a foolproof method that
guarantees hearing preservation; this approach does
have some limitations. The decision as to which method
is most appropriate depends on the surgeon's comfort
level, personal experience, and available resources.

CONCLUSIONS

1. Hearing preservation in AN surgery is an achiev-
able and reasonable objective.

2. Better results are obtained with the MF approach,
in patients with smaller tumors, and in those with
good preoperative hearing levels. Therefore, early
diagnosis of small tumors becomes critical.

3. Results may not be very impressive by the suboc-
cipital approach, with larger tumors, and in patients
with poor postoperative hearing levels.

4. Patients with larger tumors with some preoperative
hearing should not be denied the opportunity for an
attempt at hearing preservation. Although the chances
of obtaining a good hearing result are not very high in
these patients, a postoperative "measurable" hearing
level could be improved to "serviceable" hearing in
the future by a hearing aid or cochlear implant.

5. The status of the contralateral ear needs to be con-
sidered while evaluating the hearing outcome after
AN surgery. In addition, clear guidelines need to be
defined to describe hearing preservation.

6. The rate of improvement in hearing levels over time,
postoperatively, is better with the MF approach.

7. Intraoperative auditory nerve monitoring should be
used as an adjunct to surgical skills in identifying
the cochlear nerve for hearing preservation.
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